The research was aimed at assessing the salinity and sodicity effects of two soil types submitted to correction on barley crop. The two soils, contained in cylindrical pots (0.40 m in size and 0.60 m h) supplied with a bottom valve for the collection of drainage water and located under shed to prevent the leaching action of rainfall, were clay-textured and saline and sodic-saline at barley seeding, as they had been cultivated for 4 consecutive years with different herbaceous species irrigated with 9 types of brackish water. In 2002-2003 the 2 salinized and sodium-affected soils (ECe and ESP ranging respectively from 5.84-20.27 dSm -1 to 2.83-11.19%), submitted to correction, were cultivated with barley cv Micuccio, and irrigated with fresh water (ECw = 0.5 dS m -1 and SAR = 0.45) whenever 30% of the maximum soil available moisture was lost by evapotranspiration. Barley was shown to be a salt-tolerant species and did not experience any salt stress when grown in soils with an initial ECe up to 11 dS m -1 . When it was grown in more saline soils (initial ECe of about 20 dS m -1 ), despite the correction, it showed a reduction in shoot biomass and kernel yield by 26% and 36% respectively, as compared to less saline soils.
Introduction
The irrigation practice has extensively developed in the second half of last century (Qadir and Oster, 2004) ; from the mid-60s to the '80s it has favoured a 50% increase in the overall food production (El-Ashry and Duda, 1999) .
Although irrigated lands account for 18% only of world-cultivated areas (FAO, 2005) , 40% of food production is supplied by irrigated farming (UNCSD, 1997) , and this percent is estimated to increase to 50% within 2040 (FAO, 1988) .
The world population growth and the subsequent increase in food demand have brought about a sharp increase in irrigation water requirements to increase crop yields. The increase in fresh water demand for agriculture is confronted both with the scarcity in water resources and with the great competition for use of the civil and industrial sectors. In many areas, notably in Southern Italy, good quality water resources are not constant through the years but they vary following the seasonal rainfall patterns; actually, prolonged drought periods often occur for several years, thus hampering a proper planning of water resources management.
To meet the growing and conflicting needs of society, it is now common to use for irrigation even poor quality non-conventional resources, such as brackish, drainage and waste water (Bouwer, 2000; Pereira et al., 2002) .
Many Authors agree that the use of brackish water is a serious problem for about one third of world-irrigated areas (Cavazza, 1968; Ayers and Westcot, 1985; Pasternack and De Malach, 1987; Graifenberg et al., 1993; Ghassemi et al., 1995) .
This problem is particularly urgent in arid and semi-arid areas where about 50% of irrigated areas suffer from soil salinity problems. In the Mediterranean region, featured by high evapotranspirative demand, scarcity of leaching rainfall and recurrent seawater intrusion in coastal aquifers, saline water (EC > 1 dS m -1 ) is already used in fresh water-deficient areas, such as North Africa and Middle East (Katerji et al., 2002; Fagnano et al., 2004) . Many North Mediterranean coastal areas are today affected by the gradual salinization of their water resources; unluckily the continued water abstraction that results in aquifer depletion and sea-water intrusion, as well as the unexpected effects of climate change make the use of increasingly poor water resources more likely in the future, even in the coastal areas of Greece, Italy, France and Spain (Fagnano et al., 2004) . According to Postel (1996) the salt-affected areas are increasing at an alarming rate, i.e. by about 2 million hectares per year. The problems related to secondary salinization do not only concern the crop response to the use of brackish water for irrigation (short term effect) but mostly the longterm changes that could reduce soil productivity (Cucci et al., 2003) so much as to make farming impossible. Alterations and dangerous modifications are mainly due to the sodium ion concentration that may cause clay deflocculation with the subsequent reduction of soil water conductivity, if is not counterbalanced by calcium and magnesium divalent ions (Sequi, 1989) .
In general, in the regions with a more humid climate the leaching action of rainfall can favour the natural washing of salts, whereas in arid and semi-arid areas with poor rainfall, salt leaching might be artificially induced by the application of adequate watering volumes.
Indeed, in arid climate areas, the leaching of the salts applied with the brackish water used for irrigation is often favoured by applying an excess of water to the required quantity (LR = leaching requirement): its value depends on the amount of salts contained in the soil; the water salinity; the residual salinity in the concerned soil layer depending on the tolerance of the cultivated species. Soil salinity management and control is one of the main challenges of the agricultural sector in the XXI century, especially where irrigation is practiced (Amezketa, 2006) . Barley (Hordeum vulgare) is an important crop that can grow and produce in marginal lands often characterized by drought and low temperatures. Its yield is used for animal and human nutrition and for malting.
Barley, sugar beet and cotton are among the most salt-tolerant species (Maas and Hoffman, 1977; Ayers and Westcot, 1985; Francois and Maas, 1994; Maas and Grattan, 1999) , but they are relatively sensitive at germination and at the seedling stage (Bernstein and Hayward, 1958; Ungar, 1974) . Based on the indicators of crop sensitivity to salinity, as proposed by Maas and Hoffmann (1977) , barley crop has a critical threshold of the saturation extract electrical conductivity of 8 dS m -1 and a 5% slope. Hussain et al. (1997) conducted a research on five barley cultivars irrigated with water of increasing salinity and a 15% LR (leaching requirement); they observed a reduction in the germinating ability as compared to the control of 24-35, 28-47, 30-53% when the crop was irrigated with water with an EC of 9.26, 13.4 and 16.28 dS m -1 respectively, whereas they obtained satisfactory forage barley yields when using an irrigation water with an EC till 9.26 dS m -1 . Hamdy et al. (2005) investigated the possibility to apply supplemental irrigation to wheat and barley at crop sensitive stages (flowering and seed formation) using brackish water with an EC level from 3 to 9 dS m -1 : they obtained 21% mean barley yield reductions as compared to the control irrigated with fresh water; instead without any supplemental irrigation they observed 100% barley yield drops. Al-Tahir et al. (1997) reported on barley crop irrigated with three types of water of different salt content and fertilised with different nitrogen rates; when using drainage water with an average EC of 14 dS m -1 and low nitrogen rates, he observed a drop in the number of stems with a subsequent reduction in grain and straw yield.
Other research works investigated some physiological aspects (Isla et al. 1997; Munns R., 2002) , the influence of irrigation water on germinating ability, and some yield parameters (Hussain et al., 1997; Iyengar et al., 1984; Koszanski et al., 1985; Abdul et al., 1988; Heakal et al., 1990; Aragüés et al., 1994) . Instead the literature on the effects of soil salinity and sodic- Lacolla G., Cucci G. ity, the influence of correction on crop productivity is still poor.
In saline-alkaline soils the leaching of soluble salts using fresh water is not sufficient and may even deteriorate the characteristics while removing salinity, thus making soils alkaline. This is the reason to recommend the combination of the leaching action of water with soil correction aimed to favour the removal of sodium excess.
The objective of the research was to assess the combined effects of soil correction, salinity and sodicity (leaching and application of calcium sulphate) on barley crop grown in two soil types irrigated for four years with sodic-saline water.
Materials and methods
The trial was run at the Campus of the Agricultural Faculty of Bari University (Italy) in two soil types contained in cylindrical pots, 0.40 m in size and 0.60 m h supplied with a bottom valve for the collection of drainage water and located under shelter to prevent the leaching action of rainfall.
The two soil types, both rich in clay material, with a mean electrical conductivity of the saturation extract (ECe) of 0.67 dS m -1 and a mean exchangeable sodium percentage (ESP) of 0.75%, have been characterized as follows Patruno et al., 2002) : 1) Bologna soil (T 1 ) -with clay mineral rich in vermiculite and illite, is poor in iron and aluminium sesquioxides, taken from the AP horizon, of a Udertic Ustochrept (fine, mixed, mesic), Montefalcone series, of Emilia Romagna soil map; 2) Locorotondo soil (T 2 ) -with clay mineral rich in illite and kaoline, is rich in iron and aluminium sesquioxides, taken from the AP Horizon Pachic Haploxeroll (fine, mixed, thermic), Cutino series, of Apulia soil map; this soil type is common in the area South-East of Bari.
At barley seeding the two soil types were saline and sodic-saline as they had been cultivated in the previous four years with different herbaceous species (borlotto bean, pepper, sunflower, wheat) irrigated with 9 types of brackish water obtained by dissolving the appropriate amounts of NaCl and CaCl 2 in de-ionised water so as to obtain the factorial combination of 3 salt concentration levels (0.001-0.01-0.1 mol l -1 in 1999 and 0.01-0.032 and 0.064 mol l -1 in the following years) with 3 SAR levels (5-15-45) (Tab. 1) and submitted to two different leaching fractions (10 and 20% of the watering volume).
The research was conducted on 72 total pots applying the split plot experimental design with 2 replicates, with soil types in large plots (18 pots), leaching levels in sub-large-plots (9 pots) and water, types in plots (single pots).
After four-year irrigation with sodic-saline water the ECe was closely related to the salt concentration of irrigation water, shifting from 5.47 to 10.04 and to 18.23 dS m -1 for the soil T 1 and from 6.22 to 12.32 and 22.30 dS m -1 for T 2 respectively when irrigated with water of salt concentration levels of 0.01, 0.032 and 0.064 (Tab. 2). The ESP of the two soils has also increased considerably with irrigation water salinity, with values of 3.15, 6.28 and 11.68% for soil T 1 and of 2.50, 6.11 and 10.61% for soil T 2 when Table 1 . Quality characteristics of water used for irrigation in the first year (1999) and in subsequent years (2000-2001 and 2002 Prior to barley sowing the soil contained in pots was adequately treated and supplied with calcium sulphate (for the soils with an ESP > 6%) at the maximum rate of 2 Mg ha -1 equivalent. The multiple-row barley cv. Micuccio was sown on 19.12.02 placing the seeds on 2 rows per pot; 60 seeds per pot were sown so as to obtain a density of about 300 plantlets per m 2 . Fertilization was achieved applying 60 kg ha -1 of N (30% applied at sowing and the remaining 70% just prior to tillering), 100 kg ha -1 of P and 50 kg ha -1 of K; phosphorus and potassium were incorporated before barley sowing.
Throughout the cropping cycle the crop was irrigated using water of low salt content (0.5 dS m -1 and low SAR level (0.45) whenever 30% of the maximum available moisture was lost by evapotranspiration. The applied water corresponded to the volume required to restore the field capacity in the whole soil mass contained in each pot (measured directly in pots by weighing through dynamometric scale) plus a calculated leaching fraction. For more saline soils the applied leaching fractions were 20% and proportionately lower for less saline soils, till the electrical conductivity and the SAR of drainage water equalled respectively 3 dS m -1 and 9.
The crop management was applied following the local cultural practices. Barley was harvested on June 19th 2003; the treatments irrigated in the previous four-year period with water of high salt concentration level (0.064 mol l -1 ) showed a vegetative delay; harvest was continued till 1st of July 2003. At harvest the morphological, yield and quality parameters of barley were statistically processed by the GLM, SAS/STAT procedure; the difference between mean values was estimated applying the SNK test.
Results and discussion
The seasonal water volumes, ranging between 61 and 55 litres (equivalent to 488 and 440 mm), were applied to each pot in 22-23 applications. No differences were observed in relation to the number of water applications, because the plants cultivated in the soils with higher ECe (24.0 and 24.4 dS m -1 ) experienced a slowing down in the early growth stages due to salt stress leading to a subsequent extension of the cycle by about 20 days, as compared to the plants cultivated in less saline soils, and additional water applications. For the seasonal irrigation volumes, no sharp difference was observed, because the lower water consumptive use of the plants cultivated in more saline soils was counterbalanced by the higher leaching application in relation to the higher EC (electrical conductivity) of drainage water, as compared to less saline soils. The application of leaching water has favoured the removal of soluble salts with a subsequent progressive reduction of the EC of drainage water from the initial values of 6.6, 13.4 and 24.0 dSm , for the first soil and 3.2, 6.6 and 11.6 dS m -1 for the second soil, respectively, shifting from poor to moderate and higher soil salinity levels (Fig. 1) .
The SAR of drainage water has also gradually decreased after the application of subsequent leaching fractions from 10.1, 12.8 and 18.8 to 5.3, 8.6 and 10.7, for the soil T 1 and from 10.7, 13.3 and 19.5 to 5.6, 9.1 and 11.1, for T 2 , respectively when irrigated with water of salt concentration levels of 0.01, 0.032 and 0.064 mol l -1 (Fig. 2) . The removal of soluble salts had a beneficial effect on the physico-chemical soil properties. Many research works have proved the beneficial effects of calcium sulphate application on the physico-chemical properties of sodic-saline soils: it increases permeability and leaching (Frenkel et al., 1989; Baumhardt et al., 1992; Ilyas et al., 1997) , favours soil flocculation and macroporosity (Chartres et al., 1985; Greene et al., 1988) , reduces bulk density (Southard et al., 1988) and surface crusting (Gal et al., 1984) .
Effects of the soil type on barley crop
Barley crop has not showed any significant differences at germination, emergence and at the subsequent growth stages in relation to the two soil types (both clay) on which it had been grown. The soil T 2 (containing illite and kaolin clay minerals, and rich in iron and aluminium) was positively affected by some yield parameters, such as the number of ears per pot (+13.2), the dry biomass (+9.2) and grain yield (+11.2) as compared to the crop grown in the soil type T 1 (containing vermiculite and illite clay minerals, and poor in iron and aluminium sesquioxides) (Tab. 3, Fig. 3 ). El-Dardiry (2007) has also observed differences in the response of barley grown on soils irrigated with sodic-saline water and amended with organic matter and calcium sulphate as related to soil particle-size. 
Effects of soil salinity and sodium on barley crop
The crop cultivated in soils irrigated in the previous four years with water of lower salt concentration (0.01 mol l -1 ) was not negatively affected by salinity. At barley sowing time, the ECe values of moderately saline soils (0.032 mol l -1 ) were slightly above the critical threshold (ECe 8 dS m -1 ) indicated by Maas and Hoffman (1977) and Ayers and Westcot (1985) ; after the application of the leaching fraction, however, they decreased below the critical threshold. Therefore, neither the crop cultivated on these soils was negatively affected by salinity. No significant differences were observed in the morphological and yield parameters under consideration (Tab. 3, Fig. 3 ).
On the other hand,) at barley sowing time, the soils previously irrigated with water of higher salt concentration (0.064 mol l -1 ), had an average ECe greater than 20 dS m -1 , which caused a 50% yield reduction (Ayers and Westcot, 1985) . Actually, in these more saline soils the germinating ability was slightly reduced (about 10%) and emergence was delayed by about 20 days as compared to the crop grown in soils previously irrigated with water of lower concentration (0.01 mol l -1
). Other works too (Storey and Jones, 1978) report that barley is more sensitive to salinity at germination and at emergence, and becomes more tolerant as it gets older. The two researchers have mostly attributed salt stress for barley at emergence to the ionic rather than osmotic effects. Shamberg et al. (1989) report that the salt stress has a negative effect on seed germination both for the poor water uptake and for the toxic effect due to the accumulation of Na and Cl ions that result in an imbalanced absorption of nutrients.
As a consequence of salt stress, the plants, grown in the soils with a higher initial ECe (24.0 and 24.4 dS m -1 ), showed a stunted growth Table 3 . Morphological, yield and quality parameters of barley cultivated in 2 soils irrigated for four years with sodic-saline water (1999) (2000) , as related to the soil type, the salt concentration and the SAR of irrigation water. For each effect considered, the values followed by the same letter are not significantly different, according to the SNK test at P ≤ 0.01. throughout all the growing season, with a delay of all growth stages, notably germination, emergence and tillering with a staggered emission of poorly developed infertile stems. This caused a 14% average reduction in the number of ears per pot and their scalar ripening as compared to the two lower saline treatments. These short size plants displayed a sharp apical necrosis in the elder leaves, and some malformations, besides a green-bluish colour. Hence in these soils, despite the drop in salinity induced by the application of 20% leaching fraction, and the ESP reduction due to the application of soil amendments (calcium sulphate), the shoot biomass decreased by 26%, spikes by 15% and kernel yield per pot decreased by 36% as compared to the crop cultivated in less saline soils (Tab. 3, Fig. 3 ). In terms of quality, the kernels were shrunken and showed a 10% reduction in the hectolitre and 1000 seed weight (Tab. 3). (1997) In a trial on a barley crop irrigated with three types of saline water with mean EC values of 3.1, 7.9 and 14 dS m -1
Soil types
, Al-Tahir et al. (1997) found, in the crop irrigated with water of higher salinity, a 21.1% reduction in kernel yield and a 9.6% decrease in straw yield as compared to the crop irrigated with water of lower salinity. The reduction in kernel yield has been mostly attributed to the reduction in the number of ears and to the kernel weight.
Conclusions
The application of calcium sulphate to alkaline soils and the use of a 20% leaching fraction in more saline soils and proportionately lower fractions in less saline soils till electrical conductivity and SAR values of drainage water reached about 3 dS m -1 and 9, caused a large reduction in salinity and alkalinity in both soils allowing barley crop to grow and produce kernels.
Actually barley was shown to be a salt-tolerant species and did not experience any salt stress when cultivated in soils with an initial ECe of 6 and 11 dS m -1 , irrigated in the previous four years with water of salt concentration levels of 0.01 and 0.032 mol l -1 respectively. On the other hand, when barley was cultivated in soils of higher salinity (ECe of about 20 dS m -1 ) previously irrigated with water with a salt concentration of 0.064 mol l -1 , it showed the first typical symptoms caused by salt stress, a stunted development, delay in all growth stages, and a 36% grain yield reduction, as compared to the same crop cultivated in less saline soils.
The results of this research seem to point out, however, the possibility to use sodic-saline water for irrigation in the Mediterranean region, when prolonged drought cycles do occur for several years with a subsequent reduction of fresh water availability. When fresh water is deficient, it is recommended to save good quality water to irrigate salt-sensitive crops, and use poor quality water for more resistant crops. Soils may be subsequently recovered when rainfall cycles are more favourable and make it possible to apply the higher good quality water resources as a supplement to the leaching volume to wash out the salt build-up without causing a severe soil structure degradation.
